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(54) Method and apparatus for storing and forwarcfing voice signals 

(57) In recent years, the telecommunications indus- 
try has witnessed the proliferation of a variety of digital 
vocoders in order to meet bandwidth demands of differ- 
ent wireline and wireless communication systems. The 
rapid growth in the diversity of networks and the number 
of users of such networks is increasing the number of 
instances where two vocoders are placed in tandem to 
serve a single connection. Such arrangements of low 
bit-rate codecs can degrade the quality of the transmit- 
ted speech. To overcome this problem in the specific sit- 
uation involving store-and-forward systems (e.g. 
voicemail), the invention provides a novel method and 
apparatus including a plurality of different vocoders that 
can be selectively invoked to process the voice signal so 
as to reduce signal degradation. Also, the apparatus 
has the capability to bypass the vocoder bank when 
exchanging data with a remote signal processor capa- 
ble of accepting data frames in compressed format. 
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Description 

Field of the invention 

[0001] This invention relates to a method and an 
apparatus tor transmitting digitized voice signals, in a 
telecommunication environment in which the compres- 
sion and decompression of voice signals is involved. 
More specifically, it relates to a method and an appara- 
tus for improving the quality of an audio signal, which 
has been compressed or encoded with a digital signal 
processing technique, when the signal is stored or 
retrieved to or from a store-and-forward (e.g. voicemail) 
system in a telecommunication network. 

Background of the invention 

[0002] In recent years, the telecommunications indus- 
try has witnessed the proliferation of a variety of digital 
vocoders in order to meet bandwidth demands of differ- 
ent wireline and wireless communication systems. Voc- 
oders are usually integrated in wireless telephones and 
the base stations of the communication network or a link 
therefrom. They provide speech compression of a digi- 
tized voice signal as well as the reverse transformation. 
Typically, a voice signal is digitized through one of many 
quantization techniques. An example of this technique 
is Pulse Code Modulation (PCM). For the purposes of 
this description, we will refer to PCM as the input format 
for the vocoder. Thus a vocoder includes an encoder 
stage that will accept as input a digitized voice signal 
and that will output a compressed signal, a possible 
compression ratio being 8:1 . As for the reverse transfor- 
mation the vocoder is provided with a decoder stage 
that will accept the compressed speech signal and that 
will output a digitized signal, such as PCM samples. 
[0003] The main advantage of compressing speech is 
that rt uses less of the limited available channel band- 
width for transmission. In voice messaging applications, 
it also minimizes storage memory requirements thereby 
increasing the number of subscribers that can be 
served. The main disadvantage is loss of speech quality 
specially when speech is subjected to multiple 
instances of vocoders. 

[0004] The rapid growth in the diversity of networks 
and the number of users of such networks is increasing 
the number of instances where two vocoders are placed 
in tandem to serve a single connection. An example of 
such a situation is when a wireless user records a mes- 
sage to a voice storage and forwarding device and a 
wireline terminal then retrieves the message. In such a 
case, a first encoder is used to compress the speech at 
the terminal of the wireless user. The compressed 
speech is transmitted to a base station serving the local 
wireless terminal where it is decompressed (converted 
to PCM format samples). The resulting PCM samples 
are routed to the voice storage and forwarding device 
where a second encode- is used to compress the input 



signal for storage in a database. If the person who has 
access to the voice storage and forwarding device 
retrieves the message from a wireline terminal, a 
speech decoder in the voice storage and forwarding 
5 device decompresses the stored compressed speech 
data into PCM format for transmission to the wireline 
terminal over the PSTN. 

[0005] The situation is even more complex when the 
user uses a wireless terminal to retrieve, from a voice 

10 storage and forwarding device, a message that was 
recorded by a wireless terminal user. In such a situation, 
the compression and decompression of speech occurs 
three times: once for the wireless terminal/base station 
combination, a second time in storing and retrieving the 

15 message in the voice storage and forwarding device, 
and finally, a third time in the last base station/wireless 
terminal combination. Yet another expanding area of 
concern is Internet telephony. Indeed, Internet teleph- 
ony uses vocoders as well. 

20 [0006] In an attempt to eliminate the condition of voc- 
oder tandeming. a method called "bypass" has been 
proposed in the past The basic idea behind this 
approach is the provision of a digital signal processor 
including a vocoder and a bypass mechanism that is 

25 invoked when the incoming signal is in a format compat- 
ible with the vocoder. In use, the digital signal processor 
associated with the first base station that receives the 
RF signal from a first wireless terminal determines, 
through signaling and control that an identical digital 

30 signal processor exists at the second base station asso- 
ciated with the wireless terminal at which the call is 
directed. The digital signal processor associated with 
the first base station rather than converting the com- 
pressed speech signals into PCM samples invokes the 

35 bypass mechanism and outputs the compressed 
speech in the transport network. The compressed 
speech signal, when arriving at the digital signal proces- 
sor associated with the second base station is routed 
such as to bypass the local vocoder. Decompression of 

40 the signal occurs only at the second wireless terminal. 
The "bypass" approach is described in the international 
application serial number PCT/95CA/00704 dated 
December 13, 1995. The contents of this disclosure are 
incorporated herein by reference. 

45 [0007] However, the "bypass" solution described 
above was designed for the base station portion of the 
telecommunication network This implies that it is useful 
only for the tandem situations in which a telecommuni- 
cation link is established between two wireless users. 

so Also, this solution is only valid for identical vocoders. 
With the cfiversity of vocoders quickly increasing, the 
bypass solution is only valid for a small portion of con- 
nections involving tandem vocoding. 
[0008] Thus, there exists a need in the industry for 

55 devices capable of improving voice quality in other situ- 
ations that involve vocoder tandeming such as in digital 
voice store-and-forward systems. 
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Objects and statement of the invention 

[0009] An object of the invention is to provide an appa- 
ratus for storage and forwarding of voice data that 
allows to reduce signal degradations as a result of sue- s 
cessive signal compression/decompression cycles, par- 
ticularly when non-compatible vocoders are used to 
effect the compression/decompression cycles. 
[0010] Another object of the invention is to provide a 
method for storage and forwarcfing of voice data that io 
allows to reduce signal degradations as a result of suc- 
cessive signal compression/decompression cycles, par- 
ticularly when non-compatible vocoders are used to 
effect the compression/decompression cycles. 
[001 1] Another object of the invention is a communi- is 
cation system with voice storage and forwarding capa- 
bility, designed to reduce signal degradations as a result 
of successive signal compression/decompression 
cycles, particularly when non-compatible vocoders are 
used to effect the compression/decompression cycles. 20 
[0012] As embodied and broadly described herein, 
the invention provides a voice storage and forwarding 
device, comprising: 

an input for receiving a digital signal that conveys 25 
audio information; 
a group of vocoders; 

a switch capable of acquiring a plurality of vocoder 
selection positions, in each vocoder selection posi- 
tion said switch directing the digital signal that con- 30 
veys audio information received at said input to a 
selected one of said vocoders of said group of voc- 
oders; 

a storage medium in a data communicative relation- 
ship with said vocoders, said storage medium capa- 35 
ble to store data that conveys audio information 
issued by a vocoder from said group of vocoders 
and transmit stored data that conveys audio infor- 
mation toward a selected one of said vocoders. 

40 

[0013] In this specification, the term "wireless termi- 
nal" is intended to include both mobile terminals and 
fixed wireless terminals. The term "wireless terminal" is 
part of a larger family of terminals that we call "speech 
compression terminals". These terminals usually 45 
include vocoders that are capable of converting speech 
from a digitized format to a compressed format and vice 
versa. Other examples of these terminals are those 
used for Internet telecommunications, Integrated Serv- 
ices Digital Network (ISDN) terminals, etc. This disclo- so 
sure is therefore meant to include all terminals capable 
of converting speech from a digitized format to a com- 
pressed format and vice versa. 
[0014] The expression "data frame" will refer to a 
group of bits organized in a certain structure or frame 55 
that conveys some information. Typically, a data frame 
when representing a segment of audio signal in com- 
pressed form will include a coeff icients segment and an 



excitation segment. The data frame may also include 
additional elements that may be necessary for the 
intended application. 

[001 5] The expressions "first format", "second format", 
etc. when used to describe the audio signal in com- 
pressed form in the format of a given vocoder, refers to 
signals in compressed form that are, generally speak- 
ing, not compatible with each other, although they may 
share a common basic structure. For example, such sig- 
nals may be divided into a coefficient segment and an 
excitation segment. Thus, a vocoder capable of convert- 
ing a signal under the first format will not generally 
speaking, be capable of processing a signal expressed 
under any other format than the first format. 
[0016] In this specification, the term "coefficient seg- 
ment" is intended to refer to any set of coefficients that 
uniquely defines a filter function which models the 
human vocal tract. It also refers to any type of informa- 
tion format from which the coefficients may indirectly be 
extracted. In conventional vocoders, several different 
types of coefficients are known, including reflection 
coefficients, arcsines of the reflection coefficients, line 
spectrum pairs, log area ratios;, among others. These 
different types of coefficients are usually related by 
mathematical transformations and have different prop- 
erties that suit them to different applications. Thus, the 
term "coefficient segment" is intended to encompass 
any of these types of coefficients. 
[0017] The "excitation segment" can be defined as 
information that needs to be combined with the coeffi- 
cients segment in order to provide a complete represen- 
tation of the audio signal, tt also refers to any type of 
information format from which the excitation may indi- 
rectly be extracted. The excitation segment comple- 
ments the coefficients segment when synthesizing the 
signal to obtain a signal in a non-compressed form such 
as in PCM sample representations. Such excitation seg- 
ment may include parametric information describing the 
periodicity of the speech signal, an excitation signal as 
computed by the encoder of a vocoder, speech framing 
control information to ensure synchronous framing in 
the decoder associated with the remote vocoder, pitch 
periods, pitch lags, gains and relative gains, among oth- 
ers. 

[0018] In a most preferred embodiment, the voice 
store and forward system includes a plurality of vocod- 
ers of different types. When a transaction for recording 
a message is being set, the telecommunication network 
derives, from a user's profile database, the "user pre- 
ferred" vocoder for a particular user and transmits an 
identifier to the voice store and forward system. If there 
is no user preference, the voice store and forward sys- 
tem will select a default vocoder. On the basis of this 
identifier, the switch will assume the appropriate voco- 
der selection position such that the incoming audio 
information, in PCM format, will be converted into com- 
pressed format by a user determined or default vocoder 
type. Typically, the "user preferred" vocoder type will be 
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the same as the vocoder type of the user's mobile or 
fixed wireless terminal. This configuration enhances 
speech quality. 

[0019] The voice storage and forwarding system 
includes tagging means that attach or associate some 
sort of vocoder type designator to the audio data in 
compressed format that is stored on the storage 
medium. The vocoder type designator is an identifier 
that uniquely identifies the vocoder used for compress- 
ing the stored speech signal. This information is used to 
allow the system to select the proper decoder when the 
audio information is to be converted into decompressed 
format. The vocoder type designator can be stored with 
the individual data frames in the storage medium or it 
can be collected separately from the data frames. 
[0020] As embodied and broadly described herein, 
the invention also provides a communication system, 
comprising: 

a database storing a plurality of vocoder type iden- 
tifiers; 

a voice storage and forwarding device; 
a data transmission pathway between said data- 
base and said voice storage and forwarding device, 
said voice storage and forwarding device including: 

an input for receiving a digital signal that con- 
veys audio information; 
a group of vocoders; 

a switch capable of acquiring a plurality of voc- 
oder selection positions, in each vocoder 
selection position said switch directing the dig- 
ital signal that conveys audio information 
received at said input to a selected one of said 
vocoders of said group of vocoders, said switch 
being responsive to a vocoder type identifier 
issued by said database and forwarded to said 
voice storage and forwarding device on said 
data transmission pathway to acquire a voco- 
der selection position indicative by the vocoder 
type identifier issued by said database; 
a storage medium in a data communicative 
relationship with said vocoders, said storage 
medium capable to store data that conveys 
audio information issued by a vocoder from 
said group of vocoders and transmit stored 
data that conveys audio information toward a 
selected one of said vocoders. 

[0021] As embodied and broadly described herein, 
the invention also provides a method for storing data 
containing audio information, said method comprising 
the steps of: 

providing a group of vocoders; 

providing a switch capable of acquiring a plural- 
ity of vocoder selection positions, in each voco- 



der selection position said switch directing data 
containing audio information to a selected one 
of said vocoders of said group of vocoders; 
providing a storage medium in a data commu- 

5 nicative relationship with said vocoders, said 

storage medium capable to store data contain- 
ing audio information issued by a vocoder from 
said group of vocoders; 
setting said switch to a selected vocoder selec- 

10 tion position to permit transfer of data contain- 

ing audio information toward a vocoder from 
said group of vocoders corresponding to the 
position of said switch. 

is [0022] As embodied and broadly described herein, 
the invention also provides a voice storage and forward- 
ing device, comprising: 

an input for receiving a digital signal that conveys 
20 audio information; 

at least one vocoder; 

a switch capable of acquiring at least two operative 
positions, namely a vocoder selection position and 
a bypass position, in said vocoder selection posi- 
25 tion said switch directing the digital signal that con- 
veys audio information received at said input to said 
vocoder; 

a storage medium in a data communicative relation- 
ship with said vocoder and with said switch, said 
30 storage medium capable to store data that conveys 
audio information issued by said vocoder and trans- 
mit stored data that conveys audio information 
toward said vocoder; 

in said bypass position said switch bypassing said 
35 vocoder and directing the digital signal that conveys 
audio information received at said input toward said 
storage medium. 

[0023] In a most preferred embodiment, the switch of 
40 the voice storage and forwarding system is responsive 
to a control message, conveyed through in-band signal- 
ing, to acquire the bypass position. Typically, such con- 
trol message will be issued by another bypass capable 
digital signal processor with whom audio information is 
45 being exchanged. In a specific example, consider the 
situation where a user leaves a voice message by using 
a wireless terminal. During the message recording 
transaction, the digital signal processor at the base sta- 
tion or base station controller assigned to the mobile ter- 
se minal will issue a control message to the switch in the 
voice storage and forwarding device. As mentioned ear- 
lier, this control message is sent via in-band signaling. 
The control information contains a portion that identifies 
the digital signal processor and which is intended to 
55 convey the information that in fact this digital signal 
processor is bypass capable. When the switch receives 
this control message, it extracts the identification por- 
tion and through a simple database seeking operation 
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determines that the source of the message has a 
bypass capability. The switch then issues an acknowl- 
edgement message, also by using in-band signaling, 
that also contains an identification portion. This 
acknowledgement message, when received by the dig- 5 
ital signal processor at the base station is decoded and 
on the basis of the identifier contained therein knowl- 
edge is derived to the effect that the source of the 
acknowledgement message is bypass capable. At this 
point, the digital signal processor in the base station or 10 
base station controller and the switch in the voice stor- 
age and forwarding device acquire the bypass mode 
allowing transmission of data packets without any 
processing by a vocoder. 

[0024] As embodied and broadly described herein, is 
the invention also comprises a communication system, 
comprising: 

a base station or base station controller including a 
digital signal processor; 20 
a voice storage and forwarding device; 
a data transmission pathway between said base 
station and said voice storage and forwarding 
device, said voice storage and forwarding device 
including: 25 

an input for receiving a digital signal that con- 
veys audio information; 
at least one vocoder; 

a switch capable of acquiring at least two oper- 30 
ative positions, namely a vocoder selection 
position and a bypass position, in said vocoder 
selection position said switch directing the dig- 
ital signal that conveys audio information 
received at said input to said vocoder; 35 
a storage medium in a data communicative 
relationship with said vocoder and with said 
switch, said storage medium capable to store 
data that conveys audio information issued by 
said vocoder and transmit stored data that con- 40 
veys aucfio information toward said vocoder; 
in said bypass position said switch bypassing 
said vocoder and directing the digital signal 
that conveys audio information received at said 
input toward said storage medium; 45 
said switch being responsive to a control mes- 
sage issued by said digital signal processor 
and forwarded to said voice storage and for- 
warding device on said data transmission path- 
way to acquire said bypass position. so 

[0025] As embodied and broadly described herein, 
the invention also provides method for storing data con- 
taining audio information, said method comprising the 
steps of: 55 

providing a vocoder; 



providing a switch capable of acquiring either 
one of a vocoder selection position and a 
bypass position, in said vocoder selection posi- 
tion said switch directing data containing audio 
information to said vocoder; 
providing a storage medium in a data commu- 
nicative relationship with said vocoder, said 
storage medium capable to store data contain- 
ing audio information issued by said vocoder; 
in said bypass position said switch bypassing 
said vocoder and directing the data containing 
audio information toward said storage medium; 
setting said switch to a selected one of a voco- 
der selection position and bypass position to 
permit transfer of data containing audio infor- 
mation to said storage device. 

Brief description of the drawings 

[0026] 

Figure 1 is a block diagram depicting a partial view 
of a telecommunication network; 

Figure 2 is a block diagram of a system constructed 
in accordance with the present invention; 

Figure 3 is a flow chart describing the procedure for 
storing a message in the voice storage and forward- 
ing device in accordance with the invention; 

Figure 4 is a flow chart describing the procedure for 
retrieving a message from the voice storage and 
forwarding device in accordance with the invention; 

Figure 5 is a block diagram of a signal processing 
device for implementing the procedures depicted in 
Figures 3 and 4. 

Description of a preferred embodiment 

[0027] In telecommunications applications where 
channel bandwidth is at a premium, it is essential to use 
the smallest possible portion of a transmission channel. 
A common solution is to compress, with a vocoder, the 
voice signal before it is transmitted. This is also true of 
voice storage and forwarding systems. 
[0028] Typically, the voice signal is first digitized at a 
specified rate (8 kHz is common) and quantized into dis- 
crete values for representation in digital format. 
[0029] Codecs, which include an encoding and a 
decoding stage, are then used to compress (and 
decompress) the digital signals at the source and desti- 
nation point, respectively, in order to optimize the use of 
transmission channels. Codecs used specifically for 
voice signals are called "vocoders'' (for "voice coders"). 
By encoding only the necessary characteristics of a 
speech signal, fewer bits need to be transmitted than 
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what is required to reproduce the original waveform in a 
manner that will not significantly degrade the speech 
quality. With fewer bits required, lower bit rate transmis- 
sion can be achieved. 

[0030] A particular problem is present when vocoders 
are in a tandem configuration where speech is put 
through the compression and decompression algo- 
rithms of vocoders more than once. When vocoders are 
tandemed in such a manner more degradation results. 
Such a situation is described below and shown in figure 
1. 

[0031] Figure 1 is a block diagram depicting a partial 
view of one example of a telecommunication network. It 
is not the only network to which this invention applies 
and therefore should not be considered as limiting the 
scope of the invention. An example of the storage and 
retrieval of a voice message in a voice storage and for- 
warding device follows. A wireless user initiates a call 
and he wishes to leave a message in the voice storage 
and forwarding device of the called party. Firstly, the 
proper signaling and control is established and the 
Mobile Switching Center 120 will send the necessary 
instructions through the Digital Network 115 switches to 
establish a pathway in order to get the speech signal to 
the voice storage and forwarding device 130. Secondly, 
speech is compressed (encoded) by a vocoder located 
in wireless terminal 100 and sent via a wireless link (RF 
channel) to a base station 1 10 where it is decoded into 
PCM samples by the decoder of a second vocoder. The 
signal is then directed, through various switches in the 
digital network of the telecommunication corrpany net- 
work 115 to the voice storage and forwarding device 
1 30. The speech signal will then be encoded by the voc- 
oder 1 32 of the voice storage and forwarding device and 
stored in a message database 134 according to the 
database digital format. 

[0032] When the voice storage and forwarding device 
user wants to retrieve his message the following occurs. 
(Note that for this example, the user will retrieve the 
message from a wireline terminal 150.) Again, signaling 
and control first establishes the proper connection for 
the speech signal to travel. Then, the voice storage and 
forwarding device message database 134 is accessed 
and the user requests to retrieve his message. The 
speech signal leaves the message database in a com- 
pressed form and is converted to PCM by vocoder 132. 
The speech signal then travels through the Digital Net- 
work 115, the mobile switching center 120, the Public 
Switched Telephone Network (PSTN) 140 and finally 
reaches the wireline terminal 150 after conversion to 
analog format. In such a scenario, speech is com- 
pressed and decompressed twice. 
[0033] Another example of tandem vocoding (com- 
press/decompress twice) is a situation where a wireless 
terminal is communicating with another wireless termi- 
nal 100. 

[0034] Yet another stage of vocoding may be added to 
the first example described above. Indeed, a third stage 



of vocoding will be present when the voice storage and 
forwarding device user is retrieving his message from a 
wireless terminal. In this case, signaling and control first 
establishes the proper connection for the speech signal 

5 to travel. Then, the voice storage and forwarding device 
message database 134 is accessed and the user 
requests to retrieve his message. The speech signal 
leaves the message database 134 in a compressed 
form and is converted to PCM by vocoder 132. The 

10 speech signal thai travels through the Digital Network 
115, and is sent to the base station 1 10 where it will be 
converted to a compressed format Finally, the speech 
signal travels over the RF channel to reach the wireless 
terminal 100 where it will be converted a final time to 

is PCM format. 

[0035] To prevent degradations of the speech signal 
caused by tandemed connections of codecs (vocoders), 
a method called "bypass" was developed to eliminate 
the double decoding/encoding performed by vocoders 

20 in base stations during a call involving two wireless ter- 
minals. 

[0036] The present invention provides a novel method 
and system for reducing the signal degradation that 
occurs when vocoders are connected in tandem during 

25 storage and retrieval of digitized voice signals. The sys- 
tem features mechanisms and protocols for determining 
the most suitable algorithm for compression/decom- 
pression of the voice signal in such situations. 
[0037] Figure 2 shows a block diagram of a system 

30 constructed in accordance with the present invention. 
The following paragraphs describe the invention in a 
specific network setting. H is not the only network to 
which this invention applies and therefore should not be 
considered as limiting the scope of the invention. This 

35 invention applies to any voice store and forwarding 
device that uses a compressed form of speech. For 
example, it applies to Internet telephony. 
[0038] Figure 2 shows a base station 110, which is 
existing in the telecommunication network and that, in 

40 this case, has the "bypass" capability incorporated, and 
the new voice storage and forwarding device 200. The 
base station 110 has a signaling and control processor 
112 to exchange signal and control information with 
other elements of the telecommunication network, a 

45 vocoder 1 14 to encode and decode speech frames and 
a switch 116 which, under the control of the signaling 
and control processor 112, enables the choice between 
the vocoding function and the "bypass" function. 
[0039] The voice storage and forwarding device 200 

so has a switch 205, which includes a signaling and control 
processor 210 to exchange signal and control informa- 
tion with other elements of the telecommunication net- 
work and a switch mechanism 250 which, under the 
control of the signaling and control processor 210, ena- 

55 bles the choice between one of the possible vocoding 
functions and the "bypass" function. The voice storage 
and forwarding device 200 further has a tagging means 
220 that attaches a vocoder type designator that identi- 
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ties the vocoder that last converted the speech frame, a 
message database 230 to store the compressed 
speech frames and a group of vocoders 240 to 248 to 
encode and decode speech frames in the first to N th for- 
mat. 

[0040] The reason for offering a choice of vocoders is 
to avoid the possibility of signal degradation in circum- 
stances when a tandem connection is established. The 
degradation of the signal is less severe when identical, 
or at least compatible, vocoders effect the successive 
compression/decompression cycles, than if non-com- 
patible vocoders types are used. Thus, the "preferred 
vocoder" setting for a particular user should be the type 
of vocoders that is used in the wireless terminal from 
which the messages will be retrieved. 
[0041] The following describe the signal flow in the 
Base station and voice storage and forwarding device 
combination. 

[0042] Figure 3 is a flow chart describing the proce- 
dure, which is implemented by the voice storage and 
forwarding device 200 when a message is to be stored 
in the message database 230. A caller first makes a 
request for storage 300 (in fact, the system asks him if 
this is what he wishes to do) and then signaling and 
control information is exchanged 302 between all com- 
ponents involved in the call, namely the wireless termi- 
nal 100. the base station 110, the mobile switching 
center 140, and the voice storage and forwarding device 
200. In the base station 1 10 this signaling and control 
information is handled by the signaling and control proc- 
essor 112 and in the voice storage and forwarding 
device 200 it is handled by the signaling and control 
processor 210. These signaling and control processors 
interpret the signal and control data packets, which are 
sent to them under the control of mobile switching 
center 1 20 to find out if there is a user preferred vocoder 
from a database search operation 304. If it is deter- 
mined that there is no user preferred vocoder 306, the 
signaling and control block 210 sends a signal to the 
switch mechanism 250 to select the voicemaiPs own 
vocoder (default). If there is a user preference 308, the 
signaling and control block 210 sends a signal to inform 
the voice store and forwarding device and it will select 
the user-preferred vocoder 242 to 248, if it is available. 
[0043] User preference is determined upon initializa- 
tion of the mailbox by the voice storage and forwarding 
device subscriber. This information is stored in the sub- 
scriber database 125. This database could be organ- 
ized as a table, where a vocoder identifier, which 
designates the "user preferred terminal" type, is stored 
for each user. When the transaction for message stor- 
age is initiated, the vocoder identifier corresponding to 
the specific mailbox is retrieved, along possibly with 
other data, from the database 125 and sent to the 
switch 200. The signaling and control processor 210 
interprets the received control information and sets the 
switch mechanism 250 to the vocoder selection position 
that corresponds to the vocoder identifier received from 



the database. In a situation where, in the database 125 
for a particular user, no vocoder identif ier exists, the sig- 
naling and control processor can be set to adopt a 
default position, selecting a given vocoder that is the 

5 default vocoder. 

[0044] Once the user preferred or default vocoder has 
been invoked, the system is ready to get a first speech 
frame 310. After the voice storage and forwarding 
device starts receiving speech frames, it will go through 

10 the "bypass" capability determination loop 312. This is 
done as described below. 

[0045] The basic idea behind the "bypass" method is 
that base station 110, knowing through signaling and 
control, that the vocoder in wireless terminal 100 is 

is identical with one of the vocoders in the voice storage 
and forwarding device 200, bypasses the vocoder by 
selecting the corresponding switch 116 position, thus 
allowing the signal data frames to pass directly in the 
digital network 120 without being altered. Similarly, the 

20 voice storage and forwarding device 200. knowing that it 
receives compressed speech data frames, simply trans- 
mits the signal to its message database 230, without 
any coding, by selecting 314 the corresponding switch 
mechanism 250 position. 

25 [0046] For signaling and control, the process of bit 
stealing is used during PCM signal transmission. This 
process consists of utilizing certain bits from certain 
speech samples to transmit signaling information. The 
location of the signaling bits and the bit robbing rate are 

30 selected to reduce the perceptual effect of the bit substi- 
tution, such that the audible signal at either one of the 
wireless terminals is not significantly affected. The 
receiving vocoder knows the location of the signaling 
bits in the speech samples and it is thus capable of 

35 decoding the message. 

[0047] More specifically, when in message storage 
mode, the handshaking procedure between the base 
station 110 and the voice storage and forwarding device 
200 involves the exchange of different messages such 

40 that every unit can be set in a mode allowing to produce 
the best possible speech quality. The handshaking pro- 
cedure involves the exchange of the following mes- 
sages: 

45 the signaling and control processor 112 embeds an 
identifier in the PCM speech signal issued by the 
vocoder 114. This identifier enables the new voice 
storage and forwarding device 200 to precisely 
determine the originating terminal and its capabili- 

so ties. For example, it identifies the vocoder, namely 
the vocoder in the wireless terminal 100. The iden- 
tification is effected by a database search opera- 
tion, as it will be described hereafter, 
the signaling and control processor 210 examines 

55 the data frames received from the signaling and 
control processor 112 and converted by the voco- 
der 1 14, and extracts any inband signaling informa- 
tion. This is effected by observing the bit values at 
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the predetermined locations in the data frame. H the 
inband message is a vocoder identifier, a database 
(not shown in the drawings) is consulted to deter- 
mine the type of vocoder issuing the message. 
Depending upon the contents of the message, the 
following possibilities arise: 

rf the signaling and control processor 210 has 
determined that the base station 110 is not 
"bypass" capable, or that it has not been able to 
determine it yet or that the originating terminal 
simply is not equipped with a vocoder (i.e. it is 
a wireline terminal), it will leave the switch 
mechanism 250 in its position and convert 
PCM speech 316, received from the base sta- 
tion 110 or the PSTN 140, to compressed 
speech with one of the vocoders which has 
been chosen as described earlier ("user pre- 
ferred" or default-); 

if the signaling and control processor 210, has 
identified that the base station 1 10 is "bypass" 
capable, the identifier of the vocoder is verified 
in the local database to determine the originat- 
ing vocoder type, namely the vocoder in the 
wireless terminal 100. If: 

the voice storage and forwarding device 
200 has an identical vocoder, in other 
words the vocoder in the wireless terminal 
100 operates according to the same frame 
format or standard as one of the vocoders 
linked to the voice storage and forwarding 
device 200, the signaling and control proc- 
essor 210 sends a message to the signal- 
ing and control processor 112 which 
causes both switches 116 and 250 to 
adopt the "bypass" position 314 at the 
same time. Thus, any compressed speech 
data received from the wireless terminal 
100 will be directed to the message data- 
base 230 without decoding. This mode of 
operation is the one that allows achieving 
the best possible voice quality since no 
vocoder tandeming occurs; or 
the voice storage and forwarding device 
200 does not have an identical vocoder, 
then the signaling and control processor 
21 0 will leave the switch mechanism 250 in 
its position and convert PCM speech 316, 
received from the base station 110, to 
compressed speech with one of the vocod- 
ers which has been chosen as described 
earlier ("user preferred" or default") 

[0048] Once the signaling and control processor 210 
has determined the switch mechanism 250 selection, it 
will send a signal to the tagging means 220 that will 
instruct it to attach a vocoder type designator 318. This 



will be done for each data frame. The tagging means is 
any agency that is capable of generating an identifica- 
tion code, constituting a vocoder type designated that 
identifies the type of vocoder which was used to com- 
s press the speech signal. The compressed speech data 
frame can now be stored 320 in the message database 
230. 

[0049] The last step is to determine, through signaling 
and control, if the communication is finished 322. If the 

io communication is not finished, the signaling and control 
processor 210 will get a new speech frames (PCM or 
compressed) and process it as described above. 
[0050] Figure 4 is a flow chart describing the proce- 
dure that is followed by the voice storage and forwarding 

is device 200 when a message is to be retrieved from the 
message database 230. 

[0051] A caller first makes a request for retrieval 400 
by accessing the voice storage and forwarding device 
200 via a remote terminal (wireless 1 00 or wireline 150). 
20 The signaling and control processors 112 and 210 
exchange the necessary information in order to get a 
first compressed speech frame 410 from the message 
database 230. 

[0052] The voice storage and forwarding device 200 
25 will identify, through the tagging means 220, the voco- 
der type format for the speech frame 420. ft will then go 
through the "bypass" capability determination loop 430 
For the first few frames, the system will not be ready to 
use the "bypass" mode since the inband communication 
30 channel will not have been established yet. "Bypass" 
not being possible, the tagging means 220 that first 
receives the data frame from the message database, 
will extract the vocoders type designated data associ- 
ated with the data frame, and issue a signal to the sign- 
35 aling and control processor 210 to set 440 the switch 
mechanism 250 to the vocoder selection position identi- 
fied by the vocoder type designator such that the com- 
pressed speech frame may be converted to PCM 450 
with the one of the vocoder 240 to 248. The PCM data 
40 will then be transmitted 460 to the base station 1 10. 
[0053] For the frames following the first few, it may be 
determined (as described in detail below) that "bypass" 
is possible. A signal will be issued to the signaling and 
control processor 210 to set 470 the switch mechanism 
45 250 to the "bypass" position such that any compressed 
speech data retrieved from the message database 230 
will be directed to the retrieving wireless terminal 100 
without decompression 480. This mode of operation is 
the one that allows achieving the best possible voice 
so quality since no vocoder tandeming occurs. 

[0054] For the "bypass" capability determination when 
in message retrieval mode, the handshaking procedure 
between the voice storage and forwarding device 200 
and the base station 110 involves the exchange of drf- 
55 ferent messages such that every unit can be set in a 
mode allowing to produce the best possible speech 
quality. The handshaking procedure involves the 
exchange of the following messages: 
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the signaling and control processor 210 embeds an 
identifier in the PCM speech signal issued by one of 
its vocoders 240 to 248. This identifier enables any 
base station 110 to precisely determine the com- 
pressed speech format in which the data was 5 
stored. The identification is effected by a database 
seeking operation, as it will be described hereafter, 
if a wireline terminal is retrieving the message, 
there will be no handshaking procedure since the 
speech data will not pass through a base station. 10 
The voice storage and forwarding device 200 will 
simply convert 450 the compressed speech data 
from its message database 230, using the proper 
vocoder 240 to 248, and send 460 the PCM speech 
data to the wireline terminal 150 through the PSTN 15 
140; 

if the message is being retrieved by a wireless ter- 
minal and base station 1 10 is not "bypass" capable, 
the signaling and control data which was attached 
to the speech data will simply be ignored and there 20 
will be no handshaking procedure. The voice stor- 
age and forwarding device 200 will continue the 
retrieval of data frames and their conversion 450, in 
the proper vocoder 240 to 248, from compressed 
speech data to PCM speech data and the vocoder 25 
1 1 4 of base station 1 1 0 will then be used to convert 
PCM speech data to compressed speech data; or 
if the message is being retrieved by a wireless ter- 
minal 100 and base station 1 10 is "bypass* capa- 
ble, the signaling and control processor 112 30 
examines the data frames received from the signal- 
ing and control processor 210, and converted by 
one of the vocoders 240 to 242, and extracts any 
inband signaling information. This is effected by 
observing the bit values at the predetermined I oca- 35 
tions in the data frame. If the inband message is a 
vocoder identifier, a database (not shown in the 
drawings) is consulted to determine the type of voc- 
oder connected to the vocoder issuing the mes- 
sage. Depending upon the contents of the 40 
message, the following possibilities arise: 

if the wireless terminal 100 retrieving the mes- 
sage has an identical vocoder, in other words 
the vocoder in the wireless terminal 100 oper- 45 
ates according to the same frame format or 
standard as the one for the vocoder which was 
used to store the data in the message data- 
base 230, the signaling and control processor 
112 sends a message to the signaling and con- so 
trol processor 210 which causes both switches 
250 and 1 16 to adopt the "bypass" position at 
. the same time 470. Thus, any compressed 
speech data retrieved from the message data- 
base 230 will be directed to the retrieving wire- ss 
less terminal 100 without decompression 480. 
This mode of operation is the one that allows 
achieving the best possible voice quality since 



no vocoder tandeming occurs; or 
if the wireless terminal 100 retrieving the mes- 
sage does not have an identical vocoder, then 
the signaling and control processor 112 will 
leave the switch 116 in its position and convert 
PCM speech received from the voice storage 
and forwarding device 200 to compressed 
speech with its own vocoder and switch mech- 
anism 250 will also be left in the position which 
the tagging means 220 has determined 420 
and it will convert compressed speech to PCM 
450 using one of its vocoders. 

[0055] The last step of the message retrieval proce- 
dure is to determine if the message is finished 490. If 
the message is not finished, the signaling and control 
processor 210 will get a new speech frames 400 (PCM 
or compressed) and process it as described above. 
[0056] From a structural point of view, the apparatus 
illustrated at figure 5 can be used to implement the func- 
tion of a the new voice storage and forwarding device 
200 whose operation was detailed above in connection 
with figures 3 and 4. The apparatus comprises an input 
signal line 51 0, a signal output line 51 2, a processor 514 
and a memory 51 6. The memory 51 6 is used for storing 
instructions for the operation of the processor 514 and 
also for storing the data used by the processor 514 in 
executing those instructions. A bus 518 is provided for 
the exchange of information between the memory 516 
and the processor 514. 

[0057] The instructions stored in the memory 516 
allow the apparatus to operate according to block 200 of 
the functional block diagram illustrated at figure 2. 
[0058] The above description of a preferred embodi- 
ment should not be interpreted in any limiting manner 
since variations and refinements can be made without 
departing from the spirit of the invention. The scope of 
the invention is defined in the appended claims and 
their equivalents. 

Claims 

1 . A voice storage and forwarding device, comprising : 

an input for receiving a digital signal that con- 
veys audio information; 
a group of vocoders, 

a switch capable of acquiring a plurality of voc- 
oder selection positions, in each vocoder 
selection position said switch directing the dig- 
ital signal that conveys audio information 
received at said input to a selected one of said 
vocoders of said group of vocoders; 
a storage medium in a data communicative 
relationship with said vocoders, said storage 
medium capable to store data that conveys 
audio information issued by a vocoder from 
said group of vocoders and transmit stored 
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data that conveys audio information toward a 
selected one of said vocoders. 

2. A voice storage and forwarding device as defined in 
claim 1 , wherein each vocoder includes an encoder s 
stage capable of compressing the digital signal that 
conveys audio information in at least one data 
frame. 

3. A voice storage and forwarding device as defined in 10 
claim 2, wherein said one data frame includes an 
excitation segment and a coefficients segment 

4. A voice storage and forwarding device as defined in 
any of claims 2-3, wherein the encoder stage of is 
each vocoder is capable of compressing the audio 
information in at least one data frame of a format 
different from a format of a data framfe issued by 
any other vocoder of said group of vocoders. 

20 

5. A voice storage and forwarding device as defined in 
any of claims 1-4, comprising a tagging means 
capable of generating a vocoder type designator for 
association with a data frame issued by the 
encoder stage of a given vocoder of said group of 25 
vocoders, said vocoder type designator capable of 
uniquely identifying the given vocoder amongst the 
vocoders in said group of vocoders. 

6. A voice storage and forwarding device as defined in 30 
claim 5, wherein said storage medium is capable of 
forwarcBng a data frame stored on said storage 
medium to a selected vocoder from said group of 
vocoders. 

35 

7. A voice storage and forwarding device as defined in 
claim 6, wherein said switch is responsive to a voc- 
oder type designator associated to a data frame 
stored on said storage medium to acquire a voco- 
der selector position to select a vocoder in said 40 
group of vocoders to which the data frame stored 

on said storage medium will be forwarded. 

8. A voice storage and forwarding device as defined in 
claim 7, wherein each vocoder from said group of 45 
vocoders includes a decoder stage, a data frame 
issued by said storage medium and forwarded to 
the decoder stage of a selected vocoder being 
decompressed by the decoder stage of the 
selected vocoder. so 

9. A voice storage and forwarding device as defined in 
any of claims 1-8, wherein said switch is responsive 
to control information generated in a course of a 
given message recording transaction, to acquire a ss 
vocoder selector position indicated by the control 
information. 



10. A voice storage and forwarding device as defined in 
any of claims 1 -9, wherein said switch is capable of 
acquiring a bypass operative position, in said 
bypass operative position, said switch transferring a 
data frame including an excitation segment and a 
coefficients segment impressed at said input to said 
storage medium for storage of the data frame ther- 
eon. 

1 1 . A voice storage and forwarding device as defined in 
claim 10, wherein said switch is capable acquiring 
either one of a vocoder selector position and said 
bypass position in dependence of control data for- 
warded at said input. 

12. A communication system, comprising: 

a database storing a plurality of vocoder type 
identifiers; 

a voice storage and forwarding device as 
defined by any of claims 1-11; 
a data transmission pathway between said 
database and said voice storage and forward- 
ing device; 

the voice storage and forwarding device switch 
being responsive to a vocoder type identifier 
issued by said database and forwarded to said 
voice storage and forwarding device on said 
data transmission pathway to acquire a voco- 
der selection position indicative by the vocoder 
type identifier issued by said database. 

1 3. A method for storing data containing audio informa- 
tion, said method comprising the steps of: 

providing a group of vocoders; 

providing a switch capable of acquiring a 
plurality of vocoder selection positions, in 
each vocoder selection position said 
switch directing data containing audio 
information to a selected one of said voco- 
ders of said group of vocoders; 
providing a storage medium in a data com- 
municative relationship with said vocoders, 
said storage medium capable to store data 
containing audio information issued by a 
vocoder from said group of vocoders; 
setting said switch to a selected vocoder 
selection position to permit transfer of data 
containing audio information toward a voc- 
oder from said group of vocoders corre- 
sponding to the position of said switch. 

14. A voice storage and forwarding device, comprising: 

an input for receiving a digital signal that con- 
veys audio information; 
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at least one vocoder; 

a switch capable of acquiring at least two oper- 
ative positions, namely a vocoder selection 
position and a bypass position, in said vocoder 
selection position said switch directing the dig- s 
rial signal that conveys audio information 
received at said input to said vocoder; 
a storage medium in a data communicative 
relationship with said vocoder and with said 
switch, said storage medium capable to store io 
data that conveys audio information issued by 
said vocoder and transmit stored data that con- 
veys aucfio information toward said vocoder; 
in said bypass position said switch bypassing 
said vocoder and directing the digital signal is 
that conveys audio information received at said 
input toward said storage medium. 

1 5. A voice storage and forwarding device as defined in 
claim 14, wherein said switch is responsive to a 20 
control message received at said input to acquire 
said bypass position. 

1 6. A voice storage and forwarding device as defined in 
claim 15, wherein said control message is transmit- 25 
ted via inbartd signaling. 

1 7. A voice storage and forwarding device as defined in 
any of claims 15-16, wherein said control message 
includes a portion identifying a source of said con- 30 
trol message. 

18. A voice storage and forwarding device as defined in 
any of claims 15-1 7, wherein said switch is capable 

of issuing via in-band signaling in response to said 35 
control message an acknowledgement message. 

1 9. A voice storage and forwarding device as defined in 
claim 18, wherein said acknowledgement message 
includes a portion identifying said switch. 40 

20. A voice storage and forwarding device as defined in 
any of claims 17-19, wherein said switch in the 
absence of control message assumes said vocoder 
selector position. 45 

21 . A voice storage and forwarding device as defined in 
any of claims 15-19, wherein said voice and for- 
warding device comprises: 

50 

a group of vocoders; 

a switch capable of acquiring a plurality of voc- 
. oder selection positions, in each vocoder 
selection position said switch directing the dig- 
ital signal that conveys audio information ss 
received at said input to a selected one of said 
vocoders of said group of vocoders. 



22. A voice storage and forwarding device as defined in 
claim 21, wherein each vocoder includes an 
encoder stage capable of compressing the digital 
signal that conveys audio information in at least one 
data frame including an excitation segment and a 
coefficients segment. 

23. A voice storage and forwarcfing device as defined in 
claim 22, wherein the encoder stage of each voco- 
der is capable of compressing the audio information 
in at least one data frame of a format different from 
a format of a data frame issued by any other voco- 
der of said group of vocoders. 

24. A voice storage and forwarcfing device as defined in 
any of claims 21-23, comprising a tagging means 
capable of generating a vocoder type designator for 
association with a data frame issued by the 
encoder stage of a given vocoder of said group of 
vocoders, said vocoder type designator capable of 
uniquely identifying the given vocoder amongst the 
vocoders in said group of vocoders. 

25. A voice storage and forwarding device as defined in 
claim 24. wherein said storage medium is capable 
of forwarding a data frame stored on said storage 
medium to a selected vocoder from said group of 
vocoders. 

26. A voice storage and forwarcfing device as defined in 
claim 25, wherein said switch is responsive to a 
vocoder type designator associated to a data frame 
stored on said storage medium to acquire a voco- 
der selector position to select a vocoder in said 
group of vocoders to which the data frame stored 
on said storage medium will be forwarded. 

27. A voice storage and forwarding device as defined in 
claim 26, wherein each vocoder from said group of 
vocoders includes a decoder stage, a data frame 
issued by said storage medium and forwarded to 
the decoder stage of a selected vocoder being 
decompressed by the decoder stage of the 
selected vocoder. 

28. A voice storage and forwarcfing device as defined in 
claim 27, wherein said switch is responsive to con- 
trol information generated in a course of a given 
message recording transaction, to acquire a voco- 
der selector position indicated by the control infor- 
mation. 

29. A communication system, comprising: 

a base station or base station controller includ- 
ing a digital signal processor; 
a voice storage and forwarding device defined 
in any of claims 14-28; 
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a data transmission pathway between said 
base station and said voice storage and for- 
warding device; 

the voice storage and forwarding switch being 
responsive to a control message issued by said s 
digital signal processor and forwarded to said 
voice storage and forwarding device on said 
data transmission pathway to acquire said 
bypass position. 

u 

30. A communication system as defined in claim 29, 
wherein said control message includes a portion 
identifying said digital signal processor. 



31 . A method for storing data containing audio informa- is 
tion, said method comprising the steps of: 

providing a vocoder; 

providing a switch capable of acquiring 20 
either one of a vocoder selection position 
and a bypass position, in said vocoder 
selection position said switch directing 
data containing audio information to said 
vocoder; 25 
providing a storage medium in a data com- 
municative relationship with said vocoder, 
said storage medium capable to store data 
containing audio information issued by 
said vocoder; 30 
in said bypass position said switch bypass- 
ing said vocoder and directing the data 
containing audio information toward said 
storage medium; 

setting said switch to a selected one of a 35 
vocoder selection position and bypass 
position to permit transfer of data contain- 
ing audio information to said storage 
device. 



32. A method as defined in claim 31, comprising the 
step of setting said switch to said bypass position in 
response of reception by said switch of a control 
message. 

33. A method as defined in claim 32, wherein said con- 
trol message is transmitted to said switch by in- 
band signaling. 



40 



45 



34. A method as defined in any of claims 32-33, so 
wherein said control message includes a portion 
identifying a source of said message. 

35. A method as defined in any of claims 32-34, com- 
prises the step of issuing an acknowledgement ss 
message in response to said control message. 
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(57) In recent years, the telecommunications indus- 
try has witnessed the proliferation of a variety of digital 
vocoders in order to meet bandwidth demands of differ- 
ent wireline and wireless communication systems. The 
rapid growth in the diversity of networks and the number 
of users of such networks is increasing the number of 
instances where two vocoders are placed in tandem to 
serve a single connection. Such arrangements of low 
bit-rate codecs can degrade the quality of the transmit- 
ted speech. To overcome this problem in the specific sit- 
uation involving store-and-forward systems (e.g. voice- 
mail), the invention provides a novel method and appa- 
ratus including a plurality of different vocoders that can 
be selectively invoked to process the voice signal so as 
to reduce signal degradation. Also, the apparatus has 
the capability lo bypass the vocoder bank when ex- 
changing data with a remote signal processor capable 
of accepting data frames in compressed format. 
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